ABSTRACT: Nonalcoholic fatty liver disease (NAFLD) is closely associated with several metabolic syndrome features, including obesity, dyslipidemia, insulin resistance, and increased cardiovascular risk. The present study was undertaken to assess whether NAFLD in children is associated with increased carotid artery intima-media thickness (IMT), a marker of early-generalized atherosclerosis. We analyzed carotid IMT along with serum triglycerides, total, lowdensity lipoprotein and high-density lipoprotein cholesterol, glucose, insulin, insulin resistance index (as homeostasis model assessment of insulin resistance), aminotransferases, leptin, and adiponectin in 29 obese children with NAFLD, 33 obese children without liver involvement, and 30 control children. The diagnosis and severity of NAFLD was based on ultrasound scan, after exclusion of infectious and metabolic disorders. Obese children with NAFLD had significantly increased carotid IMT [mean 0.58 N onalcoholic fatty liver disease (NAFLD) encompasses a range of liver histology severity and outcomes in the absence of chronic alcohol use (1-3). The mildest form is simple steatosis in which triglycerides accumulate within hepatocytes. A more advanced form of NAFLD, nonalcoholic steatohepatitis (NASH), includes inflammation and liver cell injury. The condition was originally described in diabetic, middle-aged women without a history of significant alcohol use with liver histology consistent with alcoholic hepatitis. NAFLD is strongly associated with obesity, type 2 diabetes, and dyslipidemia, and most patients have evidence of insulin resistance (2,3). Thus, NAFLD shares many features of the metabolic syndrome, a highly atherogenic condition, and its presence could signify a substantial cardiovascular risk above and beyond that conferred by individual risk factors. Although an association between hepatic steatosis and atherosclerotic risk factors has been described in adult patients (4 -9), possible relationships between NAFLD and atherosclerosis in children remain to be investigated. Autoptic findings of an interesting study on the association between fatty liver and atherosclerosis in 817 children (age, 2-19 y) who died of external causes (accident, homicide, suicide) showed that fatty liver was present in 15% of the children. Mild atherosclerosis was present in 21% and moderate to severe atherosclerosis in 2%. Atherosclerosis was significantly (p Ͻ 0.0001) more common in children with fatty liver (30%) than those without fatty liver ( The aims of our study were to determine the presence of subclinical atherosclerosis in obese children with and without NAFLD and to evaluate correlates of carotid IMT in children with NAFLD. Identification of such correlates would provide a better understanding of the pathogenesis of subclinical atherosclerosis in persons with NAFLD and might lead to preventative measures.
N onalcoholic fatty liver disease (NAFLD) encompasses a range of liver histology severity and outcomes in the absence of chronic alcohol use (1) (2) (3) . The mildest form is simple steatosis in which triglycerides accumulate within hepatocytes. A more advanced form of NAFLD, nonalcoholic steatohepatitis (NASH), includes inflammation and liver cell injury. The condition was originally described in diabetic, middle-aged women without a history of significant alcohol use with liver histology consistent with alcoholic hepatitis. NAFLD is strongly associated with obesity, type 2 diabetes, and dyslipidemia, and most patients have evidence of insulin resistance (2, 3) . Thus, NAFLD shares many features of the metabolic syndrome, a highly atherogenic condition, and its presence could signify a substantial cardiovascular risk above and beyond that conferred by individual risk factors. Although an association between hepatic steatosis and atherosclerotic risk factors has been described in adult patients (4 -9) , possible relationships between NAFLD and atherosclerosis in children remain to be investigated. Autoptic findings of an interesting study on the association between fatty liver and atherosclerosis in 817 children (age, 2-19 y) who died of external causes (accident, homicide, suicide) showed that fatty liver was present in 15% of the children. Mild atherosclerosis was present in 21% and moderate to severe atherosclerosis in 2%. Atherosclerosis was significantly (p Ͻ 0.0001) more common in children with fatty liver (30%) than those without fatty liver (19%) (Schwimmer JB et al., Fatty liver as a determinant of atherosclerosis. Abstract presented at the 56th Annual Meeting of the American Association for the Study of Liver Diseases, November 11-15, 2005 , San Francisco, CA. Hepatology 2005; 42:610). Common carotid artery intimamedia thickness (IMT) is a noninvasive marker of subclinical atherosclerotic changes and is a feasible, reliable, valid, and cost-effective method. Increased IMT is associated with cardiovascular disease (CVD) risk factors as well as the presence and severity of coronary atherosclerosis and CVD (10 -14) .
The aims of our study were to determine the presence of subclinical atherosclerosis in obese children with and without NAFLD and to evaluate correlates of carotid IMT in children with NAFLD. Identification of such correlates would provide a better understanding of the pathogenesis of subclinical atherosclerosis in persons with NAFLD and might lead to preventative measures.
MATERIALS AND METHODS

Subjects. Between May 2006 and April 2007
, children with primary obesity [body mass index (BMI) above the 95th percentile for age and gender] who had been referred to the Department of Pediatrics, La Sapienza University of Rome, Italy, for evaluation for fatty liver upon detection of hepatomegaly (defined as a liver edge greater than 2 cm below the right costal margin) and/or elevated liver chemistry (defined as serum alanine aminotransferase and/or aspartate aminotransferase levels 1.5 times above normal values for age) were recruited consecutively for study participation. In these subjects, causes of chronic hepatitis other than obesity, including hepatitis B, hepatitis C, alpha-1-antitrypsin deficiency, Wilson disease, autoimmune hepatitis, drug toxicity, and total parenteral nutrition were excluded. Children were excluded if they had type 1 or 2 diabetes, any condition known to influence body composition, insulin action, or insulin secretion (e.g., glucocorticoid therapy, hypothyroidism, Cushing disease), a history of preexisting heart disease, history of use of medications that would affect carotid IMT or lipid profile, or incomplete blood sampling. At enrollment, all patients underwent physical examination including measurements of weight, standing height, BMI, and determination of the stage of puberty, according to Tanner criteria (15, 16) , laboratory tests, measurements of body composition (including determinations of lean and total fat mass), liver, and carotid ultrasound.
The degree of obesity was quantified by Cole's least mean square method, which normalizes the skewed distribution of BMI and expresses BMI as a SD score (17) . Measurements of body composition were made with a total body scanner (Hologic QDR-4500W, Waltham, MA) in array mode. This equipment uses a switched pulse stable dual energy x-ray operating at 100 and 140 kV. The data were analyzed by a pediatric Hologic software version 11.2. Systolic blood pressure (BP) and diastolic BP were measured twice at the right arm after a 10-min rest in the supine position by using an automated oscillatory system (Dinamap Vital Signs Monitor, Model 1846 SX; Criticon Incorporated, Tampa, FL).
The diagnosis of NAFLD was based on ultrasound scan. The liver ultrasonographic evaluation used an Aplio XV (Toshiba America Medical Systems, Tustin, CA). Ultrasonographically, steatosis was defined by an appearance of hyperechoic liver parenchyma with tightly packed fine echoes and posterior beam attenuation. The severity of hepatic steatosis was graded as mild, moderate, or severe using the criteria described previously (18) .
Over the same study period, healthy children with BMI appropriate for gender and age, attending checkups at the Department of Pediatrics, La Sapienza University of Rome, Italy, were consecutively recruited to the study if they had 1) normal aminotransferase levels; 2) normal liver ultrasound; 3) negative serology for hepatitis B and C; and 4) parents' consent to participate in the study which included anthropometric measurements, laboratory investigations, and carotid ultrasound. A positive family history of diabetes or CVD (coronary artery disease or stroke) was not an exclusionary criterion for either obese or control children.
The study was approved by the Hospital Ethics Committee, and informed consent was obtained from subjects' parents before assessment.
Laboratory investigations. Blood samples were taken from each subject, after an overnight fast, for estimation of serum concentrations of glucose, insulin, aminotransferases, total, low-density lipoprotein (LDL) and highdensity lipoprotein (HDL) cholesterol, triglycerides, leptin, and adiponectin. A RIA was used to measure human leptin (DRG Diagnostica, Marburg, Germany; detection limit, 0.5 ng/mL; inter-and intra-assay CVs, 3.0 -6.2% and 3.4 -8.3%, respectively), adiponectin (DRG Diagnostica, Marburg, Germany; detection limit, 1 ng/mL; inter-and intra-assay CVs, 6.9 -9.2% and 1.8 -6.2%, respectively), and insulin (CIS Bio International, Schering S.A., Gif-Sur-Yvette Cedex, France). The degree of insulin resistance was determined by a homeostasis model assessment of insulin resistance (HOMA-IR). Scores were calculated as the product of the fasting serum insulin level (U/mL) and the fasting serum glucose level (mmol/L), divided by 22.5.
Carotid artery studies. The same sonographer (V.C.), who was blinded to the participant's laboratory values and risk factors, did all the examinations. High-resolution B-mode ultrasonography of the common carotid arteries was performed with an Aplio XV (Toshiba America Medical Systems, Tustin, CA) with a linear 14-MHz linear transducer, following a standardized protocol. The participants were examined in the supine position with the head turned slightly to the left. On a longitudinal, two-dimensional ultrasound image of the carotid artery, the posterior (far) wall of the carotid artery was displayed as two bright white lines separated by a hypoechogenic space. The distance between the leading edge of the first bright line of the far wall and the leading edge of the second bright line indicated the carotid artery IMT. The measurement was performed at the common carotid artery near the bifurcation during end diastole. We measured four values on each side, and the maximum and mean IMT were calculated separately for each side. Repeated measurements on the same subjects [that were done in 62 children (42 obese patients and 20 controls) randomly selected from the 92 study children] gave coefficients of variation less than 3%.
Statistical analysis. Statistical analyses were performed using the SPSS package. Data are expressed either as frequencies or as means with 95% confidence intervals (CI). The measured serum triglycerides, total, HDL and LDL cholesterol, insulin, HOMA-IR, leptin, adiponectin, and IMT values were distributed with a long tail to the right (positive skew), but their logarithms were approximately normally distributed. Thus, their mean values with 95% CI are reported as geometric means. Differences between groups were tested for significance using unpaired t test (two-tailed). The 2 test and Fisher exact test were used, when appropriate, to compare prevalences. Pearson correlation and linear regression analysis were used to examine the relationship between carotid log IMT and independent variables. Relationships between carotid IMT and NAFLD severity score were also examined after adjustment for age, gender, Tanner stage, BMI, fat mass, systolic and diastolic BP, total, LDL and HDL cholesterol, triglycerides, HOMA-IR, leptin, and adiponectin using stepwise multiple linear regression analysis. We took the maximum value of carotid IMT as the dependent variable in the regression models because the strongest association between the different measurements of IMT and coronary risk factors in otherwise healthy individuals is achieved by applying the maximum value of IMT and not the mean value of IMT (19) . A p value of less than 0.05 was considered to be statistically significant.
RESULTS
Clinical and laboratory characteristics for the 62 obese children, and 30 healthy controls are summarized in Table 1 . The subjects were all independent members of the study group. No subject was included more than once and there was no family connection between the individuals studied.
The obesity and control groups showed no significant differences in terms of age, gender, and Tanner stage. They also were similar in terms of family history of CVD (14.5% vs. 13.3%) and diabetes (4.8% vs. 3.3%). Subjects in the obese group had a significantly higher systolic and diastolic BP. (Table 1) .
In total, 29 children (46.7%) had, on ultrasound scanning, evidence of fatty liver, 7 (24.1%), 13 (44.8%), and 9 (31.0%) were found to have mild, moderate, and severe degrees of fatty liver, respectively. Twenty-two (35.5%) of the 62 obese children had elevated serum aminotransferases. All of them had sonographic evidence of moderate to severe degrees of fatty liver indicating a presumptive diagnosis of NASH. None of the obese children with mild severity of hepatic steatosis, as well as those with no ultrasound hepatic steatosis, had elevated aminotransferases. Children with hepatic steatosis had higher values for systolic BP, higher insulin, and HOMA-IR values, and lower adiponectin concentrations than subjects with no liver involvement. Mean as well as maximum carotid IMT measurements also were higher in patients with liver steatosis (Table 1) . Age, gender, Tanner stage, BMI-SD score, fat mass, lipid profile as well as leptin levels did not differ between the two patient groups.
Within the entire group of obese children, risk variables that were associated with maximum IMT in a univariate analysis were age (p ϭ 0.019), Tanner stage (p ϭ 0.001), BMI (p ϭ 0.004), fat mass (p ϭ 0.005), systolic BP (p ϭ 0.009), alanine aminotransferase (p ϭ 0.003), insulin (p ϭ 0.01), HOMA-IR (p ϭ 0.001), leptin (p ϭ 0.028), and adiponectin (p ϭ 0.016). The fatty liver severity score was also significantly associated with increased IMT (p Ͻ 0.0005). Gender, BMI-SD score, HDL and LDL cholesterol, and triglyceride concentrations did not significantly correlate to carotid IMT ( Table 2) .
The relationship between log IMT and fatty liver severity score was investigated initially by defining three dummy variables to identify scores 1, 2, and 3. The results showed that log IMT increases approximately linearly with the fatty liver score, and also because the total sample size, 62, is small, the regressions were re-calculated using the values 0, 1, 2, and 3 as the measure of severity of fatty liver. In a multivariate regression model, even after adjusting for age, gender, Tanner stage, BMI, fat mass, systolic and diastolic BP, total, LDL and HDL cholesterol, triglycerides, HOMA-IR values, adiponectin and leptin levels, the severity of fatty liver was significantly associated with maximum IMT (Table 2) .
DISCUSSION
This is the first study in obese children with fatty liver concerning carotid IMT values and their relationship to cardiovascular risk factors such as hypertension, dyslipidemia, insulin resistance, and adipokine levels. The present results Results are expressed as n (%), mean (95% CI), or geometric mean (95% CI) for log-transformed variables. demonstrate that 1) obese patients with NAFLD have a marked increase in carotid IMT than control children; 2) carotid IMT is higher for obese children with NAFLD than those with no liver involvement but with similar BMI; and 3) the severity of fatty liver is independently associated with carotid IMT after adjustment for a broad spectrum of potential confounders, including insulin resistance, a major atherogenic risk factor.
Autopsy studies in adolescents and young adults suggest that atherosclerosis begins in adolescence and that the traditional risk factors including dyslipidemia, hypertension, and diabetes are associated with its development (20, 21) . Studies using carotid ultrasound to measure IMT in children at high risk for atherosclerotic disease are consistent with these autopsy findings. Increased IMT has been reported in children with familial hypercholesterolemia, diabetes, hypertension, and childhood obesity (22) (23) (24) (25) (26) (27) (28) (29) (30) . Obesity in children is predictive of a wide range of health problems later in life, including an increased risk of cardiovascular morbidity and mortality. Functional and morphologic alterations of the vascular wall may therefore be expected in young obese individuals. An early study in severely obese children has reported endothelial dysfunction and increased arterial wall stiffness, but without significant intima-media thickening (26) . Recent studies comparing obese and nonobese children, however, have found a significantly increased IMT (27) (28) (29) (30) ). Yet, a significant reduction in carotid IMT was found among obese subjects after physical exercise and diet, suggesting a certain degree of reversibility of early atherosclerotic changes (31) . The present study confirms increased carotid IMT in obese children (regardless of liver involvement). Furthermore, we have demonstrated that an association between NAFLD and increased carotid IMT is already present in children.
Recent cross-sectional studies have demonstrated a marked increase in carotid IMT in adult patients with ultrasonographically diagnosed NAFLD (4, 6) . These results have been confirmed in a large study involving adult patients with biopsyproven NAFLD (9) . The authors have shown that patients with biopsy-proven NAFLD have a significant increase in carotid IMT in comparison with age-, gender-, and BMI-matched healthy controls; carotid IMT was significantly higher for individuals with NASH than for those with simple steatosis, and, more importantly, the histologic severity of NAFLD predicted carotid IMT independently of classical risk factors, insulin resistance, and other components of the metabolic syndrome. Accumulating evidence also implies that NAFLD is correlated with circulatory endothelial dysfunction, another marker of early atherosclerosis (32) . It was shown that nondiabetic NAFLD patients had a significant decrease in endothelium-dependent vasodilation compared with control subjects and that this decrease was significantly associated with the histologic severity of NAFLD, independently of age, sex, BMI, HOMA-IR, and other components of the metabolic syndrome (32) .
The biologic mechanisms by which NAFLD contributes to accelerated atherosclerosis, independently of other risk factors, are still poorly understood. Several studies have documented that insulin resistance predict CVD and play a crucial role in the development of poor clinical outcome in NAFLD patients (2, 3, 33) . We found an association between insulin resistance and carotid IMT in univariate analysis that was no longer significant after adjustment for other variables. We used a surrogate estimate of insulin resistance, the HOMA score, which is well correlated with the hyperinsulinemic, euglycemic clamp technique (34) . The findings suggest that hepatic steatosis may be atherogenic beyond its association with insulin resistance.
Decreased adiponectin concentrations, an adipose-secreted cytokine with antiatherogenic properties, may represent another possible underlying mechanism linking NAFLD and atherosclerosis (35, 36) . Prospective studies have reported an association between low adiponectin levels and CVD (37) . Patients with NAFLD also have a marked decrease in plasma adiponectin concentrations, and this decrease is associated with the histologic severity of NAFLD independently of abdominal obesity and other components of the metabolic syndrome (36) . Thus, hypoadiponectinemia independently predicts both CVD and the metabolic syndrome (35) . To date, only one study has investigated in adults the interplay among adiponectin, NAFDL, and atherosclerosis [as determined by brachial-ankle pulse wave velocity (baPWV)] (38) . The authors showed that NAFLD was significantly associated with adiponectin levels and baPWV, but they did not find a significant correlation between adiponectin values and baPWV. In our group of obese children with NAFLD, adiponectin concentrations were significantly lower than those of obese children without NAFLD; however, hypoadiponectinemia was not an independent predictor of carotid IMT. Thus, it is conceivable that other atherogenic mechanisms could be involved in patients with NAFLD including enhanced oxidative stress and subclinical inflammation. Obese subjects as well as patients with NAFLD frequently have circulating markers of inflammation, and atherosclerosis is systematically associated with inflammation (2, 3, 17, 28, 39) . We have recently reported increased CD4-positive T cells secreting interferon-␥, a proinflammatory T helper 1 cytokine, in obese children (40) . The increased expression of this cytokine was related to insulin resistance as well as to NAFLD independently of anthropometric features and other metabolic characteristics. Th1 cells are considered pro-atherogenic because interferon-␥ secreted by these cells decreases collagen production and activates macrophages, effects that favor plaque rupture. Further studies will assess the role and interplay of circulating molecules (including proinflammatory cytokines) on both progressive liver disease and systemic atherosclerosis in children.
Limitations of our study include its cross-sectional nature, which prevents any causal inference; the absence of liver biopsy data, which prevented us from confirming whether the severity of NAFLD can predict carotid atherosclerosis independently of other atherogenic risk factors; and the small number of subjects. No calculations of sample size requirements were made a priori. However, if the power of the study is calculated a posteriori using the observed results, it can be shown that with these sample sizes, the study had a power of 99% to discover the observed difference between the maximum IMT in the NAFLD patients and those without NAFLD significantly at the 5% level. Similarly for the comparison between the obese and controls, the power was more than 99% to discover the observed difference in maximum IMT significantly at the 5% level.
In summary, our results suggest that, in obese children, there is an independent association between NAFLD and subclinical carotid atherosclerosis. Follow-up studies are necessary to validate these findings and to determine whether this higher prevalence of atherosclerosis among children with steatosis affects long-term morbidity.
